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The healing of 3-cm longitudinal colotomies closed with either Czerny-Lembert suture lines (CLSL) or TA-30 staple lines (SSL) were studied in 28 mongrel dogs using bursting strength (BS) measurements. Dogs from each group were sacrificed on postoperative days (POD) I through 7 . Mean BS for the SSL in all 14 dogs was 165 mmHg ± 64 and for CLSL 80 mmHg ± 49 (DF = 13; t = 5.5672; p < 0.00005 for matched pairs). For POD 2 through 5, BS of the SSL was 154 mmHg ± 42, three times greater than the BS of the CSLS, which was 54 mmHg ± 33 (DF = 7; t = 5.6289; p < 0.0004 for matched pairs). BS of the SSL increased linearly from the first day of surgery: BS (mmHg) = 26 (POD) + 61 (n = 14; r = 0.838; p < 0.01). BS of the CLSL followed the traditional pattern of wound healing dropping to a nadir after 3 days and then increasing linearly: BS (mmHg) = 32 (POD) -72 (n = 10; r = 0.834; p < 0.01). Microscopic examination revealed a greater inflammatory response to the CSLS than the SSL. Differences were most marked from 2 to 4 days following operation. Thus, the SSL healed more rapidly than the CLSL as measured by BS. The All experiments were performed on adult mongrel dogs. The dogs were fed standard dog chow until the night before surgery. They were allowed no food or water after midnight. The bowel was not prepared. No (Fig. 4) . The BS of SSL increased linearly from POD 1 through 7: BS (mmHg) = 26 (POD) + 61 (n = 14; r = 0.838; p < 0.01). BS of the CLSL dropped initially but then increased linearly from POD 3 through 7: BS (mmHg) = 32 (POD) -72.1 (n = 10; r = 0.834; p < 0.01).
Comparison of histological sections from the SSL and the CLSL showed -a dramatic difference. Each section was judged for number of polymorphonuclearleukocytes in the submucosa, congestion of the submucosal vessels, degree of neovascularization, degree of hyperplasia of the vessels' endothelium, and serosal edema. On each comparison, the pathologist picked the CLSL as showing the greater inflammatory response. Measurements of wound collagen content have illucidated the biochemical basis of these observations. Initially, the wound edges are stuck together only by fibrin. The holding strength of suture lines is dependent upon the collagen content of the submucosa. During the Lag Period, collagen content drops because of increased collagenase activity.'2 As the collagen content of the submucosa drops during the Lag Period, the strength of the anastomosis drops to a low." During the Period of Fibroplasia new collagen fibrils are formed. Collagen bridges the anastomosis. Rising wound strength follows the rising wound collagen content.
Factors that incite inflammation further weaken the wound. Experimental studies have shown that all suture materials placed by hand produce inflammation. Dragging the suture through the wall of the bowel, in particular, damages it, precipitating a cellular inflammatory response."' Inflammation produced by sutures contributes to the drop in bursting strength and tensile strength of the anastomosis presumably by increasing collagenase activity.
Experimental studies with pulmonary resections in animals have indicated that stapled suture lines heal The differences in wound healing between the stapled and sewn suture lines in this study related primarily to the duration of the Lag Period of wound healing. The CLSL followed the classical pattern of healing with a dropping bursting strength which reached a nadir on the third day. Subsequently, the BS increased linearly during the Period of Fibroplasia. Wound healing in the SSL did not follow this usual sequence. BS increased linearly from the first day after surgery. This linear increase was nearly parallel to that of the CLSL during the Period of Fibroplasia. No Lag Period of wound healing was demonstrable with BS measurements for the SSL.
The superiority of the SSL in this study was particularly striking because of the impact of LaPlace's Law. The surface tension on the wall of a tube is proportional to the cube of its diameter. Since the CLSL was a twolayered inverting suture line, its luminal diameter was smaller than that of the everted stapled line. Consequently, the surface tension on the CLSL at the same intraluminal pressure should have been greater than that of the SSL. The construction of longitudinal suture lines was designed to minimize the impact of this natural law but some difference undoubtedly persisted.
The histological sections of the suture lines demonstrated that the TA-30 stapling device incited a minimal inflammatory response as compared to that of a sewn suture line. From this observation, we might speculate that because of minimal inflammatory response little of the native collagen in the submucosa of the SSL was degraded by activated collagenase. Thus, wound strength was not weakened by erosion of the submucosal collagen content.
Conclusion
Few other experimental studies have compared stapled suture lines to sewn closures. Dunn et al. ' 9 from Minneapolis, found no difference in the bursting strengths of stapled end-to-end anastomoses using the TA-30 as compared to inverted single layer anastomoses of 000 silk in dogs. Unfortunately, both anastomoses were constructed in the same dog. Any inflammation from either wound would activate collagenase throughout the entire colon weakening both suture lines.'2 Polglase et al. 20 found no difference in the edema of anastomoses constructed with an end-to-end stapling device or a Gambee single layer inverting suture. They also found no statistically significant difference in the BS of the wounds closed with the two techniques. Half of their BS measurements, however, were well into the Period of Fibroplasia so that any early differences in BS may have been obscured. Experiments by Greenstein, Rogers, and Moss2' comparing anastomoses with the end enteric anastomosis (EEA) stapling device and with a closure of continuous Dacron suture showed remarkably superior BS of the stapled wound. The average BS of the EEA staple line was two to six times stronger on POD 4 than that of the sewn suture line.
Our study supports the hypothesis that stapled suture lines heal by primary intention with a minimal inflammatory response resulting in superior wound strength during the critical first week following surgery. This allows healing by primary intention and a pattern of wound healing that is manifested by an abbreviated or absent Lag Period.
